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SPECIFICATION 
1. Title of the Invention 

Process for production of <f -olefin type random copolymers 



RAPIDO TECHNICAL TRANSLATIONS , INC. 
LSED 14 December 1992 



2. Patent Claim, Scope of 

Process for production of tf-olefin type random copolymers, 
characterized by the fact that copolymers having an a'-olefin 
component content of 30 to 99 mole56 are obtained by conduct- 
ing the copolymer! zatlon of a C^-ot-olefin and ethylene in 
the preeer.ee of catalysts which are formed from 

(A) compounds of periodic table group IVB transition metals 
having as ligands raultislte coordination compounds in which 
at lea9t two kinds of groups which are selected from the 
group consisting of indenyl groups, substituted indenyl groups 
and their partial hydrogenation products are bonded through 
the medium of lower alkyl groups and 

(B) eluminoxanes. 

3. Detailed. Description of the Invention 
(Profitable Use Sectors from the Industrial Standpoint) 

The present invention relates to a process for production 
of novel tf-olefin type random copolymers; more particularly 
it relates to a process for production of modifiers for use 
in thermoplastic resins which have an excellent effect in im- 
proving the heat sealability and impact resistance, particu- 
larly the impact resistance at low temperatures, by means of 
blending into the thermoplastic reeine tf-olefin type random 
copolymers having narrow molecular weight distributions and 
having excellent transparency, surface nontackines3 , and ten- 
Rile and other properties, for example tf-olefin type random 
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copolymers and other olefin type polymers and bo forth which 
are suitable for forming films for packaging use, sheet pro- 
ducts, and other melt-molded productB which have excellent 
transparency, antiblocking characteristics, and so forth. 
(Prior Art) 

In the past, use of vinyl chloride resins in molding ap- 
plication fields for soft or semihard resins was predominant, 
but because of problems such as generation of corrosive gases 
at the time of waste product incineration and concepts about 
safety in respect to residual monomers and plaeticlzers, con- 
version, over to olefin type soft or semihard resins came to 
be desiral* Consequently, demands increasingly grew larger 
for of-olefin type soft copolymers for use in the molding field 
or for applications such as modifiers for use in various kinds 
of resins. 

Where more than two kinds of <x:-olefin copolymers are com- 
monly known for the said o^-olefin type soft copolymers, as 
processes for the production of them, processes have been 
known for copolyaerizing two or more kinds in the presence 
of a titanium type catalyst consisting of a titanium compound 
and an organoaluminum compound or a vanadium type catalyst 
consisting of a vanadium compound and an organoaluminum com- 
pound- The Ot-olefin type soft copolymers obtained wltfc the 
titanium type catalysts were generally inferior in random 
copolymer! zability, had broad molecular weight distributions 
and composition distributions, and were inferior in trans- 
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parency, surface nontacldLnees , and dynamic properties. More- 
over, o(-olefin type soft copolymers obtained with the vana- 
dium type catalysts generally had {greater than 50 mole% ethyl- 
ene content; by comparison with the copolymer obtained with 
the titanium type catalysts, randomness was improved; the 
molecular weight distribution and composition distribution 
were narrowed; and the transparency, surface nontackiness , 
and dynamic properties were considerably improved, but their 
performance was unsatisfactory in striptly (?) demand- 
ing applications, and ^(-olefin type copolymers with perform- 
ances more improved than these were demanded. 

Quite recently, as olefin type resins like these which 
have been used in molding application fields for Boft or semi- 
hard resins, there have been olefin type copolymers such as 
ethylene type copolymers, propylene type copolymers, and 1- 
butene type copolymers • Among these olefin type soft or semi- 
hard resins, as relates to the soft 1-butene type random co- 
polymers which are formed from 1-butene and propylene with 
1-butene taken as the main component , there have been a large 
number of proposals. Among thera, 1-butene type random copoly- 
mers have been disclosed which are produced by employing ti- 
tanium trichloride and titanium tetrachloride type catalysts 
in U.S. Patent Specification No. 3,278,504, *-S. Patent Speci- 
fication No. 3,332,921, U.S. Patent Specification No. 4,168,361, 
and Brit. Patent Specification No. 1,018,541- However, because 
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things Bhared in common by these l-butene type random copoly- 
mers were a considerable content of low molecular weight com* 
ponents such as a fraction soluble in boiling methyl acetate 
and a fraction soluble in an aoetone-n-decane mixed solvent 
(l/l volume ratio) as well as a broad composition distribu- 
tion and molecular weight distribution, as aoncerns molded ma- 
terials formed from these l-butene type random copolymers, 
especially films, sheets, and so forth, surface tackineBS was 
considerable and blocking was appreciable. And since the ran- 
domness of almost all of the materials was low and the trans- 
parency was inferior r melded products having high commercial 
value were not obtained. 

In the aforementioned U.S. Patent Specifiation No. 3,278,504 
propylene-l-butene copolymers having a l-butene content of 
30 to 70 mole% were proposed. It was disclosed that the said 
l-butene copolymers were produced by using titanium tetrachlo- 
ride and titanium trichloride, but in the copolymers produced 
with catalyst systems like these the content of the fraction 
soluble in boiling methyl acetate exceeded 2 wt#, and moreover 
the content of the fraction soluble in the acetone-n-decane 
mixed solvent (l/l volume ratio) waB considerable; they had 
surface tackiness, and were soft resins inferior in transparency. 

Also in the aforementioned U.S. Patent Specification No, 
3,332,921 and Brit. Patent Specification No. 1,084,953 various 
kinds of l-butene type copolymers differing in l-butene con- 
tent were proposed which were produced by employing titanium 



trichloride catalysts, but among these copolymers, the 1-bu- 
tene type copolymers having 60-99 mole?'. 1-butene content had 
the same properties as the 1-butene type copolymers in the 
proposal of the aforementioned U.S. Patent Specification No. 
3,278,504. 

Furthermore, according to the aforementioned Brit. Patent 
Specification No. 1,018,341, copolymers having 25 to 90 mole* 
1-butene content were obtained by jointly using a transition 
metal halide such as titanium trichloride and a phosphoric 
acid derivative. Among the copolymers concretely disclosed 
in this proposal, if seen as relating to the 1-butene type 
copolymers having 50 to 90 mole* for the 1-butene content, only 
materials having greater than 1.5 vt# for the acetone soluble 
fraction were disclosed. According to the studies of the 
present inventors, it was discovered that the content of the 
fraction of these copolymers soluble in boiling methyl ace- 
tate was much more, exceeding 2 wt%, also that the content 
of the fraction soluble in the acetone-n-decane mixed solvent 
(1/1 volume ratio) was considerable, exceeding 5 X Op ' vt%, 
and that only molded products having considerable surface 
tackiness and inferior in transparency could be obtained from 
the Bald 1-butene type copolymers. 

Still further, propylene-l-butene copolymers having a 
propylene content in the range of 4.0 to 90 mole* were dis- 
closed in the aforementioned U.S. Patent Specification No. 
4,168,361, but among these copolymers, as relates to the 
copolymers having a 1-butene content of 50 to 60 mole*, the 
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same a6 above, according to the studies of the present inven- 
tors, only molded products could be obtained in which the 
content of the fraction soluble in acetone-n-decane was large, 
the surface tackiness from the said 1-butene type copolymers 
was considerable, and the transparency was inferior. 

On the other hand, a process was proposed in JP Tokkal 
No. Sho 50-38787 Koho for obtaining random copolymers of no 
quality by conducting the polymerization at high temperatures 
and employing a titanium chloride system catalyst. 

As concerns these processes, according to studies of the 
present, inventors , the methyl acetate-soluble fraction was 
considerable; they were inferior as relates to tensile proper- 
ties; and they could not be used for resin applications. 

In addition, in JP Tokkai No. Sho 54-85293 the present 
applicant proposed 1-butene-propylene random copolymers with 
1-butene taken as the main component which hsfl a narrow com- 
position distribution, little of the fraction soluble in 
boiling methyl acetate, and small surface tackiness. Never- 
theless, it was clear that the content of low molecular weight 
components in the 1-butene-propylene copolymers which were 
offered on the basis of this proposal, especially the content 
of the low molecular weight polymer which was represented in 
the fraction soluble in boiling methyl acetate and the sur- 
face tackineBS of th« molded products formed from the said 
copolymers were considerably improved by comparison with pre- 
vious materials, but shortcomings existed in that the molecu- 
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lar velght distribution (\/\) of the said 1-butene type 
random copolymers was 3.6 and was not sufficiently narrow; 
the content of the low molecular weight polymer components 
in the copolymer > which waB represented by the fraction 
soluble in acetone-n-decane (1/1 volume ratio), and the sur- 
face tackiness with, elapsed' -time for resin composition' 
molded- products fox example films in which the said 

1-butene-propylene random copolymer had been blended into 
a polypropylene resin for the purpose of improving impact 
resistance was easily increased; it was difficult to say 
that they were yet satisfactory for applications in fleldB 
where performance in surface nontackiness, transparency, and 
so forth was required in high degree. And the said 1-butene- 
propylene random copolymers further based on this proposal 
had low crystallinity, but they were inferior in dynamic pro- 
perties such as rigidity and were still unsatisfactory for 
applications in fields where these dynamic properties were 
req/uired in high degree. 

On the other hand, as new Ziegler type olefin polymeriza- 
tion catalysts which differ from the titanium type catalysts 
or vanadium type catalysts known from the past, catalysts 
formed from zirconium compounds and aluminoxanes have been 
proposed thus far in JP Tokkai No. Sho 58-19309 Koho, Tokkai 
Ho. Sho 59-952925 Koho, Tokkai No. Sho 60-35005 Koho, Tokkai 
No. Sho 60-55006 Koho, Tokkai No. Sho 60-35007 Koho, and 
Tokkai No. Sho 60-35009. In the prior art literature on them, 
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where more than two kinds of C<-olefin copolymers have been 
disclosed, for example in Practicable Example 7 of JP TokJcai 
No. Sho 58-19309 Koho, in Practicable Example 1 - Practicable 
Example 3 of JP Tokkai No, Sho 60-35006 Koho, and in Practic- 
able Example 10 and Practicable Example 11 of JP Tokkai No, 
Sho 60-35007 Koho, ethyl ene-oC-ole fin copolymers having re- 
spective o(-olefin contents of 3-43 raoleft are disclosed, but 
in many cases anyhow these ethylene-tf'-olefin copolymers had 
broad molecular weight distributions and composition distri- 
butions or performance such as transparency, surface nontacki- 
neas, and dynamic properties or performance as modifiers for 
thermoplastic resins which were unsatisfactory for applica-* 
tions in profitable use sectors; furthermore, o(.olefin type 
soft copolymers in which these qualities were Improved were 
greatly demanded. 

In addition, as relates to soft low-crystallinity propyl- 
ene type copolymers containing a propylene component, due to 
copolymerizing propylene with fc-olefins other than propylene, 
proposals were made by the present applicant in JP Tokkai No. 
Sho 52-19153 Koho, Tokkai Ho. Sho 55-118909 Koho, Tokkai Wo. 
Sho 55-118910 Koho, Tokkai No. Sho 53-79984 Koho, Tokkai No. 
Sho 53-104666 Koho, Tokkai No. Sho 54-85293 Koho, Tokkai No. 
Sho 60-38414, and so forth. By comparison with the soft low- 
crystallinity propylene type copolymers known from the past 
these soft low crystallinity propylene type copolymers had 
a reduced content of the fraction soluble in boiling methyl 
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acetate and had improved surface non tackiness, blocking char- 
acteristics, and transparency, but it was difficult to speak 
about them being satisfactory for applications in fields 
where these qualities were more strictly demanded. Further- 
more, the copolymers obtained in these processes had broad 
molecular weight distributions anyhow, and as relates to the 
point of dynamic properties for applications in fields where 
these qualities were strictly demanded, furthermore soft low- 
crystallinity propylene type copolymers in which the afore- 
mentioned qualities were more excellent were greatly demanded. 
(Problem Points Regarded as Solved by the Invention) 

The present inventors observed (?) that the prior ^-olefin 
type random copolymers had broad molecular weight distribu- 
tions and composition distributions and had a considerable 
content of low molecular weight polymer and that molded ma- 
terials obtained from the said tf-olefin type random copolymers 
were inferior in surface nontackiness, transparency, and 
dynamic properties such as rigidity and conducted development 
research for the purpose of offering pc'-olefin type random 
copolymers in which these properties were improved by com- 
parison with prior <*-olefin type random copolymers. 

As a result of that, the present inventors discovered 
that ^-olefin type random copolymers not disclosed in the 
previously known literature could exist which were tX-olefin 
type random copolymers which were formed from a ^- c(-olef in 
and an ethylene component and which combined the . property 
values defined in later descriptions (a) to (I), and they 
succeeded in synthesizing them. 
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Furthermore, they discovered that as compared with the 
previously known ri-olefin type random copolymers, these novel 
0(-olefin type random copolymers had narrow molecular weight 
distributions and composition distributions and had little 
content of fractions of low molecular weight polymer com- 
ponents, particularly little content of fractions of low mole- 
cular weight components which are represented by both the 
fraction soluble in boiling methyl acetate and the fraction 
soluble in acetone-n-decane mixed solvent (l/l volume ratio), 
and they discovered that molded materials obtained from the 
said OC-olefin type random copolymers had excellent surface 
nontackiness, transparency, and dynamic properties such as 
rigidity. 

Consequently, the object of the present invention was 
"ttet of offering a process for production of novel <rt-olefin 
type random copolymers which are formed from a C^-tf-olefin 
component and an ethylene component. 
I Furthermore, another object of the present invention was 
f that of offering a proceos for production. of modifiers for 
use in thermoplastic, resins which are excellent in improve- 
ment effects on heat sealability or impact resistance, espe- 
cially low temperature impact resistance in dependence on 
blending them into thermoplastic resins such as olefin type 
polymers obtained by means of processes other than the process 
of the present invention. 
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This 1g made clear anyhow by means of the following die- 
closure of the advantages of the above described objectives 
side by 9ide with many other further objectives of the pres- 
ent invention. 

(Measures and Operations for Solving 'Problem points)/ 

According to the present invention, a process is offered 
for the production of ^'-olefin type random copolymers, char- 
acterized by the fact that copolymers having an ^-olefin com- 
ponent content of 30-99 mole% are obtained by conducting the 
copolymeri2ation of a C^-cUolefin and ethylene in the pres- 
ence of catalysts which are formed from 

(A) compounds of periodic table group IVB transition metals 
having as llgands raultisite coordination compounds in which 
at least two kinds of groups which are selected from the group 
consisting of indenyl groups, substituted indenyl groups, 

and their partial hydrcgenation products are bonded through 
the medium of lower alicyl groups and 

(B) aluminoxanes, 

and the process is offered for the production of modifiers 
for use in thermoplastic resins which consist of the 6aid 
Ct-oleftn type random copolymers. 

According to the above described production process, Ct- 
olefin type random copolymers are obtained, and modifiers 
consisting of the said o(-olefin type random copolymers for 
use in thermoplastic resins are obtained, characterized by 
the fact that they are o(-olefin type random copolymers formed 
from a C>^-i-olefin and ethylene; 



. JP ?okkai 62-121707 



(A) their compositions are In the range of 30 to 99 moletf 
for the :C^j-tf-olefin component and 1 to 70 mole# for the 
ethylene component; 

(B) the limiting viscosities Qt\l measured at 135 °C in deca- 
lin are in the range of 0.5 to 6 dL/g; 

(C) the molecular weight distributions (R^/F^) measured by 
gel permeation chromatography (GPC) are in the £ 3 range; 

(B) the melting point. (T ffl ) measured by means of differential 
scanning calorimetry la in the range of 30 to 140 °C; 

(E) the degree of crystallization measured by means of an x-ra; 
diffraction method is in the range of 0,5 to 60%; 

(F) the weight of the fraction^ wt^) soluble in boiling meth- 
yl acetate is in the 1 wt?6 range; 

(G) the weight of the fraction (Wg wt#) soluble at 10 °C in 
acetone-n-decane mixed solvent (1/1 volume ratio) is in the 
range of f 4 X Op" 1 ' 2 vrtJS; 

(K) the c*/5 and /V signals attributable to methylene chains 
between two tertiary carbon atoms which are adjacent in the 
copolymer main chain in the 13 C-NMR spectra of the copolymers 
are: not observed; 

(I) the value which is expressed by general Equation (I) 

* - P 0E , T , 

is in the range of general Equation (II) 

1.00 i B * 2 (II) 
(in the equation P 0 indicates the mole percent content of the 
tf-olefin component in the copolymer; P £ Indicates the mole 
percent content of the ethylene component; P indicates the 
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mole percent of «-olefin-ethyleno chains in the total dyad 
chains). 

In the (X-olefin -type random copolymers obtained by the 
process of the present invention (the ones which are called 
the <<- olefin type random copolymers of the present invention) 
as concerns the composition (a) of the said copolymers, the 
ethylene component is in the range of 1 to 70 mole?6, desir- 
ably 1 to 65 mole#, and the OC-olefin component content is in 
the range of 30 to 99 raole#, deBirably 35 to 99 mole#. More- 
over, in cases where the said copolymer is a copolymer of pro 
pylene and ethylene, the content of ethylene is in the range 
of 10 to 70 mole%, desirably 20 to 65 raole^; in cases where 
it is a copolymer of 1-butene and ethylene, the content of 
ethylene is in the range of 1 to 50 mole% desirably 1 to 
40 mole#. If the content of the tt'-olefin component in the 
said copolymer is smaller than 30 raole% and if the content 
of the ethylene component i3 larger than 70 mole#, the trans- 
parency of the said copolymer turns out to be lowered. Also 
if the content of the a-olefin component becomes larger than 
99 mole% and if the content of the ethylene component becomes 
smaller than 1 moletf, the distinctive characteristics of the 
soft copolymers are lost due to the transparency and impact 
resistance being lowered. Also, in cases where the said c£- 
olefin component is a 1-butene component, the transition of 
the said copolymers from type II crystals to type I crystals 
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becomes slow; along with changes with elapsed time In the 
properties of the molded products becoming greater, the trans- 
parency becomes inferior. Herewith, the rt-olefin component 
unite are Cj_ 20 -tf-olefins, desirably Cj_ 1Q -#-olefins, especi- 
ally desirably C 5 _ 12 -oc-olefins; there is no objection (?) to 
having one component or a mixture of two or more components. 
Concretely, as tf-olefin component units such as these, propyl- 
ene, 1-butene, 1-pentene, 1-hexene, 4-methyl-l-pentene , 1-hep- 
tene, 1-octene, 1-decene, 1-tetradecene, 1-octadecene, and 
others can be illustrative. 

The limiting viscosity Op (B) measured in decalin at 135°C 
for the ^-olefin type random copolymers which are obtained 
by the process of the present invention is in the range of 
0.5 to 6 dL/g, desirably 1 to 5 dl/g # These values are measures 
which indicate the molecular weight of the c<-olefin type ran- 
dom copolymers which are obtained by the process of the pres- 
ent invention;:l»mped ' together with' other ^property valu.es, the 
aforementioned excellent qualities were laid down anyhow for 
being imparted to random copolymers. 

The molecular weight distribution (Hy/H ) (C) found by 
gel permeation chromatography (GPC) for the oC-olefin type ran- 
dom copolymers which were obtained by the process of the pres- 
ent invention iB in the range £ 3, desirably f: 2.8, especially 
desirably £ 2,5. Since the values for the ^-olefin type 

random copolymers which had been proposed in the past were > 3 9 
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the molecular weight distributions were termed not suffici- 
ently narrow; when low molecular weight polymer components 
were intermixed, the surface nontackiness wae inferior on 
that account and became the root cause for bloating. These 
property Values for the ct-olefin type random copolymers whioh 
. obtained by the process of the present invention lumped 
together with other property values were' imparted to the co- 
polymers the aforementioned excellent qualities. Still fur- 
ther, the measurements of H values were performed as fol- 
lows according to the military information monthly operations 
publication, "Gel Permeation Chromatography 

(1) The molecular weight M and the GPC (Gel Permeation 
Chromatograph) count were measured by using polystyrene of 
known standard molecular weight (Toyo Soda brand Standard 
Dispersion Polystyrene); correlation comparison normal curves 
were prepared for molecular weight M and EV (Elution Volume). 
This time the concentration was taken as 0.02 wt#. 

(2) Samples for the GPC chromatograph by way of GPC mea- 
surements were taken. The value of \/\ w ae; found by calcu- 
lating the polystyrene-converted number average molecular 
weight and weight average moleoular weight in dependence 
on the aforementioned (1). The sample preparation conditions 
and GPC measurement conditions at the .time were as follows. 
(Sample Preparation) 

(-0 The samples wore apportioned in conical flaoko along with 
o-dichlorobenzene solvent so as to arrive at 0.1 wt%. 
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(a) 0.05 wtjS in respect to the polymer solution of the age 
resister 2,6-di-tert-butyl-p-cresol was added to the conical 
flask in which the sample had been placed. 

The temperature of the conical flask was raised to. 140 °C 
stirring was conducted for about 30 min; and they were 
dissolved. 

(-) The filtrate went off to GPC. 
(GPC Measurement Conditions) 

The following conditions came into effect. 
U) Apparatus Waters company make (150* C-ALC/GPC ) 

(d) Column Toyo Soda make (GHH type) 

(^) Sample volume 400 }iL 
(-) Temperature 140 °C 

(vfc) Slow rate 1 ml/mi n 

The melting pointB (D) wMch were measured by means of 
a differential scanning calorimeter (they are abbreviated 
below as BSC melting points) for the tf-olefin type random 
copolymers which had been obtained by the process of the 
present invention were in the range of 30 to 140 °C, desir- 
ably 40 to 120 °C. Existence of the eaid DSC melting points 
is' a' measure which indicates that they are copolymers possess 
ing crystallinity which distinguishes them from the previous 
noncrystalline tf-olefin type random copolymers; lumped toge- 
ther with other property values the aforementioned excellent 
qualities were laid dovn to bs imparted to the copolymers. 
Herewith, the DSC melting points were the maximal endothermic 
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peak temperatures (T m ) obtained when approximately 5 mg sam- 
ples were inserted into the sample measurement case and 
rnsmrements were made as far as 20-200 °c with a temperature 
rise rate of 10 °C/min (still further, in the case of the 
1-butene type random copolymers, pressed sheets after at 
least 20 h elapsed time in a molding machine were used). 

The degree of crystallization (E) measured by means or 
» x-ray diffraction method for the oC-olefin type random co- 
polymers which were obtained by the process of the present 
invention was in the range of 0.5 to 60%, desirably 0.5 to 
55%. These property values were measures which indicated 
that the tf- olefin type random copolymers which were obtained 
by the process of the present invention were excellent in 
tensile properties; lumped with other property values, the 
aforementioned excellent qualities were laid down for being 
imparted to the random copolymers. Purther still, the degree 
of crystallization of the 1-butene type random copolymers was 
found by means of x-ray diffraction measurements on pressed 
sheets after at least 20 h elapsed time in a molding machine. 

The weight of the fraction soluble in boiling methyl ace- 
tate (W 1 wtjt) (F) for the O-olefin type random copolymers 
which were obteined by the process of the present invention 
was in a range ^ 1 wt#, desirably 0.001-0.5 vt#, especially 
desirably 0.003-0.2 wt#. These property values were measures 
which indicated the content of the low molecular weight poly- 
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raer component in the ^-olefin type random copolymers which 
were obtained by the process of the present invention and 
indicated the breadth of the composition distribution and 
molecular weight distribution for the said copolymers; the 
o(-olefin type random copolymers which were proposed in the 
past had a considerable weight of the said fraction soluble 
in boiling methyl acetate and were inferior in surface non- 
tackiness, which became the root cause for much blocking. 
These property values for the tf-olefin type random copolymers 
which had been obtained by the process of the present inven- 
tion lumped with other property values were laid down ae . afore- 
mentioned excellent qualities for imparting to the copolymers. 
The weight of the said fraction soluble in boiling methyl 
acetate was measured by the following method, fcarnely, 
1 mm X 1 mm X 1 mm size sample pieces were placed in a cylin- 
drical glaBS filter; they were extracted for 7 h with a Soxh- 
let extractor with a degree of reflux of 1 cycle/5 min; the 
weight of the extraction residue was found by drying it until 
constant weight in a vacuum dryer (degree of vacuum £ 10 ram 
Kg); the weight (V^) of the fraction soluble in boiling methyl 
acetate was found by difference in weight from that of the 
original sample, as the percentage for the weight of the said 
fraction soluble in boiling methyl acetate referred to the 
weight of the original sample. The weight (W 2 wt%) (C-) of 
the fraction soluble in acetone-n-cecane mixed solvent (l/l 
volume ratio) at 10 °C for the ^-olefin type random copolymers 
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which had been obtained by the process of the present Inven- 
tion based on the weight of the said copolymer was in the 



of dimensions). These property values were measures which 
Indicated the content of the fraction of the low molecular 
weight polymer component in the tf-olefin type random copoly- 
mers which were obtained by the process of the present inven- 
tion and indicated the breadth of the composition distribution 
and molecular weight distribution of the said copolymer. The 
(^-olefin type random copolymers known from the past had much 
of the fraction soluble in the said acetone-n-cecane mixed 
solvent, were inferior in surface non tackiness , and were the 
root cause of much blocking. These property values for the 
C<-olefin type random copolymers which had been obtained by the 
process of the present invention lumped with other property 
valueB laid down the aforementioned excellent qualities for 
being imparted to the copolymers. The measurement determinations 
for the weight of the said copolymer fraction soluble in the mixe 
solvent were made according to the following method. Namely, 
1 g of copolymer sample, 0.05 g of 2 ,6-di-tert-butyl-4-me thyl- 
phenol, and 50 raL of n-decane v/ere introduced into a 150 mL 
flask furnished with a blade stirrer, and they were dissolved 
on a 120 °C oil bath. After dissolving, radiative cooling 
down took place naturally at air temperature for 30 min; then 
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50 mL of acetone was added in 30 s; it was cooled for 60 min 
on a 10 °C water batiu The precipitated polymer and the 
solution in which the low molecular weight polymer component 
was dissolved were filtered and separated with e glass filter; 
the solution was dried until coming to constant weight at 
10 mm Hg and 150 °C f and the weight was measured. The. weight 
of the copolymer fraction soluble in the aforementioned mixed 
solvent was calculated and determined as the percentage re- 
ferred to the weight of 'the sample copolymer. Still further, 
in the aforementioned measurement method, stirring was carried 
out continuously from the time of .dissolving until just before 
filtration. 

If seen in respect to the arrangement state of the ethyl- 
ene component and a-olefin component (H), the cCfi and £Y sig- 
nals attributable to methylene chains between two tertiary 

carbon atoms which are ad jacent in the main chain of the 
13 

copolymer in the 'C-NMR spectra of the said copolymers are 
not observed. This is described more concretely; in the co- 
polymer of ethylene and the tf-olefin (CH 2 =CK-R, R an ethyl 
group) the following bonds: 

* P < 
-CH 2 CH-CH 2 -CH 2 -CH 2 -CK- 

R *f P *• R 
if seen from the tertiary carbon on the left side derived from 
the cfc-olefin, the three methylene groups in the center are 
in cf f and Y positions from the left side; on the other hand 
if 3een from the tertiary carbon on the right side, they are 



in the o(, and oT positions from the right side. For that 
reason, in the above mentioned bond units, there were methyl- 
ene groups whir.h gave and (J£> signals, but there were no 
methylene groups which gave tcfi and /H signals. 
On the other hand, in the following bonder 

R R 

which were bonded with oppositely feeing cC-olefin pairs, only 

methylene groups which gave o£& signals were present; there 

were no methylene groups which gave dip and signals. 

On the other hand r the following bonds 

cL /s *r s 
-CHCH 2 -CH 2 CH 2 -CK 2 CH- 

R $ * P * R 

and 

-CHCH~£h 9 CH- 
R R 

possess methylene groups which gave respectively a fi'f signal 
and an signal. 

As is clear from the above description, it was found that 
the directions of the ethylene and tf-olefin bonds in the cC-ole- 
fin bonds in the ^-olefin type random copolymers which had 
been obtained by means of the process of the present invention 
were observable*. Thses specifics about the tf-olefin type ran- 
dom copolymers were things which indicated the arrangement 
state of the ethylene components and o(-olefin components of 
of which the copolymer was composed; lumped with other pro- 
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perty values excellent qualities such as the above mentioned 
were laid out for imparting to the copolymers. 

As concerns the ctf-olefin type copolymers of the present 
invention, the B values which are expressed by the following 
Equation (I) 

E 

are in a range which satisfies the following Equation (II) 

1.00 < B < 2 (II) 
(in the equation P £ indicates the mole% content of the ethyl- 
ene component in the copolymer; P Q indicates the i?.ole% content 
of the tf-olefin component; and P QE indicates the mole percent 
content of ^-olefin-ethylene chains in the total dyad chains). 
Ilirthermore, the B values for the olefin type random copoly- 
mers which are obtained by the process of the present inven- 
tion are found in correlations with the mole percent contents 
of the ethylene component in the copolymer, desirably In 
correlations such as the following* 

In cases where the ethylene content in the copolymers is 
-£ 50 xnole% f it is in a range which satisfies 

1.0 + 0.3 X P £ < B ± l'/(Y-? E ), 
more desirably, the general formula 

1.0 + 0.4 X P E £ B £ 1/(1-P E ), 
especially desirably , the general formula 

1.0 + 0.5 X P £ i B £ 1/(1-P E ), and 
in cases where the ethylene content in the- copoly.-er is 
> 50 mole^, it is in a range which satisfies 

1.3 - 0.3 X P £ ^ B ± i/p e , 
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more desirably,, the general formula 

1.4 - 0.4 X ?j < B < 1/P E , 
especially desirably, the general formula 

1.5 - 0.5 H E <B^ 1/P £ . 

In the ^-olefin type random copolymers which are obtained 
in the process of the present Invention the property values 
resulting from these B values are indexes which indicate the 
state of distribution of each monomer component in the copoly- 
mer chain; the larger the B values are, the fever the block 
chains are; when the distribution of the ethylene component 
and tf-olefin component become uniform, the randomness is ex- 
cellent, and when the existence of a copolymer with a narrow 
composition distribution is indicated, lumped together with 
other property values excellent qualities such as the above 
mentioned are laid down for being offered in the copolymers. 

B values were calculated from the respective calculated 
component contents ? £ , P Q , and P 0£ according to the reports 
of G.J. Ray (Kacroroolecules 10, 775(1977)), J.C. Randall 
(Macromoleculeo 15, 355(1982)), and others. P 2> ? Q , and V QB 
were found from "^C-NKR spectral measurements for the 6aid 
copolymer samples. Namely, ^C-MMR spectra were measured for 
samples in which about 200 mg of copolymer had been dissolved 
in 1 ml of hexachlorobutadiene in a 10 ram i test tube, ordin- 
arily under the measurement conditions of a measurement tem- 
perature of 120 °C, a measurement frequency of 25.05 KHz, a 
speotral width of 1500 H2, a filter width of 1500 Rz, a pulse 
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repeat time of 4*2 eec, a pulse width of 7 jisec, and a number 
of accumulated cycles of 2000-5000 cycles; from these apectra 

? E' P 0' and P 0E were found - 

The property values specified in the above discussed (A) 

to (I) for the p(-olefin type random copolymers which were 
obtained by the process of the present invention were satis- 
factory. Besides the specific values for the above described 
(A) to (I) for the more desirable ^-olefin type random copoly- 
mers which were obtained by the process of the present inven- 
tion, property values for at least one of the following (J) 
to (R) were satisfactory. 

Stress at the breaking point (J^) ceasured according to 
the method of JIS K6301 for the tf-olefin type random copoly- 
mers which were obtained by the process of the present in- 
vention was in the range of 3 to 1000 kg/cm 2 , desirably 5 to 
800 kg/cnT; elongation at the breaking point (i^) measured 

according to the method of JIS K6301 was in the range > 30054, 
desirably 500 to 1500%. The property values for the above 

mentioned stress at the breaking point (J^) and elongation 

at the breaking point (K^) were measured according to JIS 

K6301 tensile test methods. Namely, ring test specimens with 

an inside diameter of 18 ram and an outside diameter of 22 mm 

which had been punched from 1 mm thick pressed sheetB -molded 

according to JIS K6758 were used; measurements were made at 

an extension rate of 500 mrc/min in the atmosphere at 25 °C. 
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Furthermore, haze (M) which was measured for the ^-olefin 
type random copolymers of the present invention according to 
JIS K6714 on 1 mm thick sheets molded according to JIS X6758 
was in the range of ± 30%, desirably £ 2096. 

In cases where the K-olefin type random copolymers which 
were obtained by the process of the present Invention were 
1-butene type random copolymers which were obtained by means 
of copolymerization of a 1-butene component and an ethylene 
component, (J^, and at least one of the (K) to (Q) 

property values were satisfactory. Namely, the shear stress 
at the yield point (N) measured according to the. method of 
JIS K7113 was in the range of 1 to 200 kg/cm 2 , desirably 2 to 
180 kg/cm 2 ; the stress at the breaking point (J^ measured 
according to the method of JIS 7113 was in the ran e e of 3 to 
1000 kg/cm 2 , desirably 5 to 800 kg/cm 2 , and the elongation 
at the breaking point (K x ) measured according to the method 
of JIS X7113 was in the range > 300*, desirably 550 to 1000%. 

In the present invention the property values for the above 
described shear stress at the yield point 00, stress at the 
breaking point (J^, and elongation at the breaking point (J^) 
were measured according to the JIS K7113 tensile test method. 
Namely, test specimens formed by JIS K7113 No. 2, punched 19 h 
after molding from 1 mm thick pressed sheets which had been 
molded according to JIS K6758 for samples were used; measure- 
ments were made 20 h after molding the above mentioned pressed 
sheets at an extension rate of 50 mmg/.nin in the atmosphere 
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at 25 °C- In cases where no yield point in sheer distinctly 
appeared, the stress at 20% elongation was taken as the shear 
stresB at the yield point. 

And in cases where the Cf-olefin type random copolymers 
were 1-butene type random copolymers which were obtained by 
means of copolymerization of 1-butene with ethylene, the 
torsional rigidity modulue (0) measured according to the 
method of JIS K6745 the 8a i d 1-butene type random copoly- 
mere was for example in the range of 5 to 3000 kg/cm , desir- 
ably 10 to 200 kg/cm . As the method for measurement of the 
torsional rigidity modulus, narrow test specimens 64 mm in 
length and 635 ^ in width (words length and width reversed?) 
punched 9 days after molding from 1 mm thick pressed sheets 
which had been molded according to JIS K6756 were used; 10 
days after molding the pressed sheets the values were measured 
5 sec after positioning (?) at an angle of 50 to 60° in the 
atmosphere at 25 °C. 

Young's modulue (P) measured according to the method of 

JIS K7H3 for the said 1-butene type random copolymers was 

2 

for example in the range of 10 to 5000 kg/cm , desirably 20 
to 4000 kg/cm . And Young's modulus (P) for the said 1-butene 
type random copolymers was expressed desirably in correlation 
with the mole% content b of the ethylene component by way of 
the general equation 

5000 I 10~ (b/25) > K> 2000 X 10~ (b/l5) 
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Measurements of Young's modulus were performed according to 
the same tensile test methods ao for the raeasur en-ent of the 
aforementioned (J 1 ), (K^), and (H). 

In cases where the c<-olefin type random copolymers which- 
were obtained by the process of the present invention were 
1-butene type random copolymers which were obtained by means 
of copolymerization of 1-butene and ethylene, since the crys- 
tal transition for the said 1-butene type random copolymers 
proceeds rapidly by comparison with that of the 1-butcne homo- 
polymer, it is characteristic that changes with elapsed time 
in the properties are small. 3y contrast with this, for ex- 
ample three kinds of crystal types (Type I, Type II, and 
Type III) exist for the 1-butene homopolymer; as it is known 
that the crystal transition occurs in correlation with changes 
in temperature and time, since especially below ambient (?) 
temperature the transition from the metastable Type II crystal 
morphology is 9lov, as relates to applications "o actual 
molded products, shortcomings existed involving various diffi- 
culties such as deformation and property changes with elapsed 
time in molded products. 

The standard deviation values <r (Q) for the content of 
the d-olefln component in the eaid ct-olelln type random co- 
polymers were for example £ 0.4a moleJS, desirably £ 0.2a mole£ 
(in the formula a indicates the mole* content of the ethylene 
component in the said tf-olefin type random copolymers). The 
said standard deviation values- V were measures which indicated 
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the randomness of the said <x-olefin type random copolymers; 
adding to the aforementioned property values (A) to (I), stiH 
further, copolymers for which the property value (Q) was 
9atiafactory exhibited more excellent properties. The stan- 
dard deviation values <T for the <tf -olefin type random copoly- 
mer of the present invention were computed and determined 
according to the following formula on the basis of the com- 
position distribution for the said copolymer. i\irther still, 
the exposition distributions for the said copolymers were 
•measured by means of an extraction column separation method 
with p-xylene solvent by changing the extraction temperature 
by steps of 5 °C each from 0 to. 130 °C. This time 2 I of 
p-xyleno in respect to 10 g of copolymer sample was used for 
the extraction at constant temperature; the extraction v;as 
eanducted for 4 h. 

Herein, x indicates the average content (mole?0 of the tf-ole- 
fin in the copolymer; x indicates the <x-olefin content (rr.oleH); 
f(x) indicates the differential weight percent of the compon- 
ent having a quantity x (mole^) of tf-olefin content. 

In cases where the tf-olefin type random copolymer in the 
pres.ent invention was a propylene type random copolymer v/hich 
had been obtained by copolyroerization of propylene and ethyl- 
ene, the raicroisotacticity (R) seen in. the said propylene type 
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random copolymers (three-propylene chains) was > 0,8, desir- 
ably £ 0.9- Among the propylene chains- in the copolymer 
chains of the propylene type random copolymers of the present 
invention the ratio (y/x) indicates the number y of the above 
mentioned three kinds of arrangements which can be assumed 
by three-propylene chains relative to the tot2l number x out 
of the possible number of combinations of three-propylene 
chains (three-propylene chains arranged with no intervening 
ethylene units), which are the smallest units for stereoregu- 
lar structure (for example in the case of three-propylene 
chain units 1, in the case of four-propylene chain units 2, . 
and in the case of five-propylene chain units 3), namely the 
number y of the said three-propylene chains which assume the 
mm arrangement from among the mm arrangement (isotactic arrange- 
ment), mr arrangement, and rr arrangement. 

As stated above , the microiBotacticity seen in the three- 
propylene chains in the present invention was something which 
quantitatively determined the percentage of three-propylenes 
which were arranged isotactically in the 6aid three-propylene 
chain units; that itself was observed in three-propylene chains 
by means of a well known ^C-nijclear magnetic resonance spec- 
tral technique. 

These numerical values were ones smaller than 0.8; for 
example for materials produced by employing a vanadium cata- 
lyst, ordinarily they were < 0.6, but because copolymers such 
as these had low softening points and small tensile strengths, 
tfeey were not desirable. 
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As long as the various aforementioned properties were not 
lost to the cColefin type random copolymers which were obtained 
by the process of the present invention, it was fine if small 
amounts of other oC-olefin components were copolymerized . 

The o(-olefin type random copolymers which were obtained 
by the process of the present invention possessed distinctive 
characteristics in that they had low contentB of low molecu- 
lar weight components in the whole domain of oC-olefin compon- 
ent content by comparison with the CC-olefin-ethylene type 
random copolymers known from the past, were excellent in 
transparency, were excellent in surface nontackiness f and 
were excellent in rigidity and other dynamic pDperties. 

The novel &f-olefin type random copolymers can be produced 
by means of copolymer! zing ethylene and Ot-olefins having 
>.'3 for the specified number of carbon atoms in the presence 
of a catalyst which is formed from 

(A) compounds of periodic table group IVB transition metals 
having as ligands rr.ultisite coordination compounds in which 
at least two kinds of groups which are selected from the group 
consisting of indenyl groups, substituted indenyl groups, and 
their partial hydrogenation products are bonded through the 
medium of lower alkyl groups and 

(B) aluminoxanes. 

As periodic table group IVU transition metals, titanium, 
zirconium, and hafnium can be cited. Among them, zirconium 
is favorable ♦ 
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As examples of transition metal compounds in which the 
transition metal lo zirconium which can be employed in the 
process of the present invention, ethyl enebis(indenyl)diraethyl 
zirconium, ethylenebisdndenyDdiethylzlrconiura, ethylenebis- 
(indenyl)diphenylzirconium, ethylene bis (indenyl)methylzircon- 
iurn monochloride, ethylenebis(indenyl)ethylzirconium mono- 
chloride, ethyl enebis(indenyl)methylzirconium monobromide, 
ethylenebis(indenyl)zirconium dichloride, ethylenebifi(lndenyl ) 
zirconium dibroraide, ethylenebi 5 (4 ,5 ,6, 7-tetrahydro-l-indenyl ) 
dimethylzirconium, ethylen e bis(4, 5, 6, 7-tetrahydro-l-indenyl )- 
raethylzlrconium monochloride, ethyl enebis( 4,5,6, 7^tetrahydro- 
1-indenyl) zirconium dichloride, ethylenebi 3 (4, 5, 6, 7-tetra- 
hydro-l-indenyl ) zirconium dibromide, ethyleriebis(4-raethyl-l- 
indenyl)zirconium dichloride, ethylenebis(5-methyl-l-inderiyl)- 
zirconium dichloride, ethylenebis( 6-methyl-l-ir.denyl )zircon- 
ium dichloride, ethyl enebis(7-methyl-l-indenyl )zirconiura di- 
chloride, ethylenebi B (5-raethoxy-l-indcnyl)zircor,ium dichloride 
ethylenebis(2,3-dimethyl-l-indenyl )zirconium dichloride, 
ethylenebis(4,7-dimethyl-l-indenyl)zirconium dichloride, and 
<rttylenebis(l r 7-diraethoxy-l-indenyl )zireoniura dichloride can 
be cited. 

As examples of transition metal compounds in which the 
transition metal is titanium which can be employed in the pres- 
ent invention, ethyleriebis(indenyl )titanium dichloride and 
ethyler.ebis(4 ,5,6,7-tetrahydro-l-indero'l)titr.niuir. dichloride 
can be cited. 

Ag examples of transition metal compounds in which the 
transition metal Is hafnium which c?.n be employed in the pres- 
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ent Invention, ethylenebis(indenyl )hafnium dichloride and 

ethylenebl9(4,5 f 6 > 7-tetrahydro^l-indenyl)hafnium dichloride 
can be cited; 

As the aluminoxane (B) component in the oatalyet composi- 
tions which are employed in the process of the present inven- 
tion, concretely organoaluminura compounds which are repre- 
sented by general Formula I or general Formula II can be 
illustrative. 



an integers 2, desirably £ 20, especially desirably » 25). 
In the said aluminoxanes R is a hydrocarbon group such as a 
methyl group, ethyl group, propyl group, or butyl group, de- 
sirably a methyl group or ethyl group, expecialiy desirably 
a methyl group; m Is an integer > 2, desirably an integer >: 20, 
especially desirably an integer f*om 25 to 100. As the pro- 
cess for production of the said aluminoxanes , for example the 
following processes can be illustrative. 

(1) A process in which a reaction is caused to take place 
by adding a trialkylaluminum to a suspension in a hydrocarbon 
medium of a compound containing adsorbed water or a 3alt con- 
taining water of crystallization, for example magnesium chlo- 



R 2 A1-4QA1-^QA1R 2 
R 



(I) 




(II) 



(in the formulas R indicates a hydrocarbon group; m indicates 
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ride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, 
and so forth. 

(2) A process in which water is caused to interact direotly 
v/lth trlethylalurcinum in a medium such as benzene, toluene, 
ethyl ether, or tetrahydrofuran. 

Among these procease3 it is favorable to use Process (I). 
Furthermore, a small amount of an organotnetallic component 
beiDg contained, in the said alutainoxane does not effect 
a change. 

In the present invention the thing which was discovered 
was that copolymers having qualities not proposed in the past 
are obtained due to producing the copolymers having specified 
proportions of an a'-ole£L.n and ethylene by using catalysts 
such as described above. 

Copolyraerization of the <<-olefin and ethylene can be car- 
ried out in either the liquid phase or the vapor phase, but 
especially carrying it out in the liquid phase is desirable. 
In cases where it is carried out in the liquid phase, ordin- 
arily it is put into practice in a hydrocarbon medium. As 
hydrocarbon media, for example pentane, hexane, heptane, oc- 
tane, decane, and other aliphatic hydrocarbons, cyclopentane , 
methylcyclopentane, cyclohexane, cycloocta^ne , and other all- 
cyclic hydrocarbons, benzene, toluene, xylene, and other aro- 
matic hydrocarbons, and gasoline, kerosene, (illegible) oil, 
and other petroleum fractions may be cited. Eesldes these, 
ihe olefin starting materials themselves car. be used as hydro- 
carbon media. Among these hydrocarbon media, aromatic hydro- 
carbons are desirable. 
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When the proceBB of the present invention is implemented 
as a liquid-phaee polymerization process, the used proportions 
of the said transition metal compounds as the concentrations 
of transition metal atoms in the polymerization reaction sys- 
tems are. ordinarily in the range of 10" 7 to 10~ 2 gram atoms/L, 
desirably 10" to 10~ gran atoms/L. And the used proportions 
of the aluminoxane, as the concentration of aluminum atoms 
in the polymerization reaction system, are amounts which ordin- 
arily turn out to be in the range of lcf 4 to lO" 1 gram atoms/L, 
desirably 10" 3 to 5 X lO" 2 gram atoms/L; moreover, the ratio 
of aluminum atoms relative to transition metal atoms in the 
polymerization reaction system is ordinarily in the range of 
20 to 10 4 , desirably 50 to 10 3 . 

The copolyroerization of the present invention can be con- 
ducted ordinarily in the same way as olefin polymerization by 
employing a Ziegler type catalyst. It is good if the poly- 
merization temperature is usually selected in the range of 
-80 to 50, deeirably-60 to 30. lurthermore, the polymerization 
can be conducted ahyv/ay under ordinary pressure, under pres- 
surization, and under reduced pressure, but conducting it 
under pressvirization is favorable. Ordinarily, it is carried 
out under e pressure in the range from ordinary preosure 
to 30 kg/cm , desirably in the range from 2 to 20 kg/cm 2 . 

It is desirable for the starting materials which are sup- 
plied to the polymerization reaction system to be a mixture 
consisting of an (X-olefin and ethylene. The content of the 
K-olefin in the polymerization feedstock olefin is ordinarily 
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in the range of 40 to 99.9 moletf, desirably 50 to 99.8 mole#; 
the'oontent of ethylene is ordinarily In the range of 0.1 to 
60 mole^r desirably 0.2 to 50 raole^. Control of the molecular 
weight of the copolymer can be accomplished in dependence on 
hydrogen and/or polymerization temperature and further in de- 
pendence on the used proportions of the catalyst components. 

The tf-olefin type random copolymers which are obtained 
in the process of the present invention are not tacky and dif- 
fer from ones proposed in the past from the standpoint of pro- 
viding various properties other than such as discussed previ- 
ously. These ct-olefin type random copolymers can be molded 
into pipes r films, sheets, hollow containers, and various 
other products by means of optional molding processes such as 
extrusion molding, hollow cavity molding, injection molding, 
press molding, and vacuum molding and can be supplied for 
various kinds of uues. Because of being good especially in 
transparency, resistance to blocking, and heat sealability, 
they are very suitable as films for packaging use. Due to 
the aforementioned qualities they can be very suitably used 
aB protective films for metals and so forth. 

At the time of molding, various stabilizers, antioxidants, 
ultraviolet radiation absorbers, antistatic agents, lubricants, 
plasticizers, pigments, and inorganic or organic fillers can 
be admixed. As examples of them, it is fine if they are 2,6- 
di-tert-butyl-p-cresol, tetrakis(me thylene-3-(3 , 5-di-tert- 
butyl-4 -hydroxy phenyl )propi onato )me thane , 4,4' -butylidenebis- 
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(6-tert-butyl-m-cre9ol), tocopherols, ascorbic acid, dilauryl 
tblodipropionatie, phosphoric acid type stabilizers, fatty acid 
monoglycerides, N\l^'(Ma-2-hydroxyethyl)alkylaraines, 2-(2 ! - 
hydroxy-^ 1 ,5 ! -di-tert-butylphenyl)-5-chlorobenzotrlazole, 
calcium stearate, magnesium oxide r magnesium hydroxide, alu- 
mina, aluminum hydroxide, silica, hydrocalcite (si sprinted 
haidorotarusaito?), talc, clay, gypsum, glas9 libera, titariia, 
calcium carbonate, carbon black, petroleum resins, polybutene, 
wax, synthetic or natural rubber, and so forth. 

The tf-olefin type random copolymers which are obtained 
according to the process of the present invention can be blended 
into various kinds of thermoplastic resins as modifiers 
where those modifiers for example improve the inpact resis- 
tance, especially the low-temperature impact resistance, flexi- 
bility, and low-temperature heat sealability. 

By means of blending the c<-olefin type random copolymers 
which are obtained according to the process of the present 
invention into other ethylene type polymers containing, ethylene 
as the main component such as polyethylene it turns out that 
the impact strength, low-temperature impact strength, flexi- 
bility, and low-temperature heat sealability of molded products 
of the said other ethylene type polymers can be improved. As 
the above mentioned other ethylene type polymers, high-density 
polyethylene, medium-density polyethylene, low-density poly- 
ethylene, and ethylene type copolymers and so forth which have 
been obtained by means of processes other than the process 
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of the present Invention in which ethylene is contained as 
the main component and • which ere copolymers of ethylene 
with C^Q-tf-olefina such as propylene, 1-butene , 1-hexene, 
4-raethyl-l-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetra- 
decene, 1-hexadecene , 1-octadecene, and 1-eicoaane can be 
illustrative. Limiting viscositiee Qrp measured at 135 °C 
in decalin are ordinarily in the range of 0.5 to 20 dL/g. 

In cases where the c^-olefin type random copolymers which 
are obtained according to the process of the present .Inven- 
tion are blanded into the said other ethylene type polymers, 
the blending proportions are ordinarily in the range of 1 to 
100 parts by weight, desirably 2 to 60 parts by weight re- 
ferred to 100 parts by weight of the said ethylene type poly- 
mers. Various kinds of additives, according to need, can be 
blended into the obtained ethylene type polymer compositions 
such as antioxidants,, hydrochloric acid -absorbing agent b, 
antiagglomeration agents, heat-resisting stabilizers, ultra- 
violet radiation absorbing agents, lubricants, weather-resist- 
ing stabilizers, antistatic agents, nucleating agents, pig- 
ments, and fillers. The blending proportions are suitable. 
The said ethylene type polymer composi tions can be produced 
in accordance with processes known from the past. 

By means of blending the oC-olefin type random copolymers 
which are obtained according to the process of the present 
invention into crystalline olefin type polymers other then 
the aforementioned other ethylene type polymers, the impact 
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resistance, especially the low-temperature impact resistance 
of the compositions formed from the said crystalline olefin 
type polymers can be improved. Furthermore , films are ob- 
tained in which a balance of antiblocking characteristics, 
transparency , and slip properties is gotten. Concretely, as 
crystalline olefin type polymers other than the said ethylene 
type polymers, besides polypropylene, poly-l-butene, poly-4- 
methyl-l-pentene, and so forth, crystalline OCrolefin type co- 
polymers and so forth v/hich are formed from propylene, 1- 
butene, and 1-hexene and other ^-olefins (a^) as in propylene- 
ethylene copolymers, propylene-l-butene copolymers, 1-butene- 
ethylene copolymers, 1-butene-propylene copolymers, and so- 
forth and from tf-olefins (a 2 ) differing from the aforemen- 
tioned £<-olef ins (a-j^); ethylene, propylene, 1-butene, 1-hexene, 
4-methyl-l-pentene, 1-octene, 1-decene, i-dodecene, 1-tetra- 
decene, 1-hexadecene, 1-octadecene, 1-eicosene, and other 
C ? _ po -tf-olefins can be illustrative. The limiting viscosities 



Qrp measured at 135 C for the said crystalline olefin type 

polymers in decalin are in the rajige of 0.5 to 10 dL/g. The 
degree of crystallization ie > 5%, desirably r> 20%. 

In cases where the tf-olefin type random copolymers which 
are obtained according to the process of the present invention 
are blended into the said crystalline fiC-olefin type polymers, 
the blending proportions are ordinarily in the range of 1 to 
100 parts by weight, desirably 2 to 60 parts by weight referred 
to 100 parte by weight of the said crystalline oc- olefin type 
polymer. According to need, various kinds of additives can 
be blended into the said crystalline AC -olefin type polymer 
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compositions such as antioxidants, hydrochloric acid-absorb- 
ing agents, antiagglomeration agenta, heat-resi3ting stabil- 
izers, ultraviolet radiation absorbing agents lubricants , 
weather-resisting stabilizers, antistatic agents, nucleating 
agents, pigments, and fillers. The said crystalline tf-olefin 
type, polymer compositions can be produced in accordance with 
processes known from the past. 

Still further, by means of blending the tf-ole£in type ran- 
dom copolymers which are obtained according to the process 
of the present invention into various kinds of engineering 
resins, the properties of the said engineering resins, for 
example the impact resistance, especially the low-temperature 
impact resistance, and vibration properties can be improved. 
In cases where the said engineering resins are engineering 
resins possessing polar groups, for the purpose of making 
better the affinity or dispersibility of the said engineering 
resins^ in the olefin type random copolymers which are ob- 
tained according to the process of the present invention 
employment of modified tf-olefin type random copolymers which 
have been graft popolyraerized with components of unsaturated 
carboxylic acids or their derivatives such as maleic acid, 
citraconic acid, itaconic acid, maleic anhydride, citraconic 
anhydride, itaconic anhydride, dimethyl Jcaleate , dimethyl • 
citraconate, and dimethyl itaconate is desirable. The propor- 
tion of grafts of components of the said unsaturated dicarbox- 
ylic acids or their derivatives is ordinarily in the range 
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of 0,02 to 50 parts by weight referred to 100 parts by weight 
of the said tf-olefin type random copolymers. Concretely, 
as engineering resins, polyethylene terephthala te , polybutyl- 
ene terephthala te, and other polyesters, hexaraethylene adip- 
amide, octamethylene adipamide, decamethylene adipamide, 
dodecamethylene adipamide, polycaprolactone (misprint for 
polycaprolactara?), and other polyamides, polyphenylene oxide 
and other polyarylene oxides, polyacetals, ABS, AES, polycar- 
bonate, and others can be illustrative. The blending propor- 
tions for the eaid Ct-olefin type random copolymers or their 
modification products are ordinarily in the range of 2 to 20 
parts by weight referred to 100 parts by weight of the said 
engineering resin. According to need, various kinds of addi- 
tives such as antioxidants, hydrochloric acid-a«bsorbing agents 
antiagglomeration agents, heait-reBieting stabilizers, ultra- 
violet radiation-absorbing agents, lubricants, weather-reslsti 
stabilizers, anti3t^tio agents uucleitiiig agents, pigments, 
and fillers can be mixed into- the said engineering resin^ com- 
positions. The said engineering resin compositions can be pro- 
duced in accordance with processes known from the past. 

The said rubbery polymer properties, for example chemical 
resiste:nce, rigidity, and so forth can be improved by means 
of mixing thetf-olefin type random copolymers which are ob- 
tained according to the process of the present invention into 
various kinds of rubbery polymers. Concretely, as the said 
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rubbery polymers, for example ethylcne-propylene-noncon jugated 
diene copolymers, ethylene-l-butene-noncon jugated diene copoly- 
mers, polybutadiene rubber, polylsoprene rubber, styrene-buta- 
diene-styrene block copolymers, and 60 forth can be illustra- 
tive* The blending proportions for the said cC-olefin type 
random copolymers are ordinarily in the range of 1-100 parts 
by weight referred to 100 parts by weight of the aforemen- 
tioned rubbery polymers. According to need, fillers, cross- 
linking agents., crosslinking auxiliaries, pigments, stabilizers, 
and various other kinds of filling agents can be mixed in. 
The said rubbery polymer compositions can be produced in ac- 
cordance with processes known from the past. 
(Practicable Examples) 

Next, the process for production of the tf-olefin type 
random copolymers of the present invention is described con- 
cretely by means of practicable examples. 
Practicable Example 1 

(a) Preparation of e.thylene bis (indenyl ) zirconium dichloride 
After 100 ml of tetrahydrofuran had been transferred into 
a 00 mL glass flask in which nitrogen had been fully substituted, 
it was cooled down to -195 °C. 8.2 g of zirconium tetrachlo- 
ride was added to it, and it was brought into the suspended 
state by means of raising the temperature gradually to room 
temperature. In succession, 35 mraoles of the lithium salt 
of bis(indenyl )ethane dissolved in 80 mL of tetrahydroruran 
was added (ref . J. Crganometal. Chem, 232, 233(1902)), and 
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they were stirred for 2 h at 20 °C. After that and after 
hydrogen chloride gas had been blown in for several seconds, 
immediately tetrahydrofuran and hydrogen chloride gas were 
eliminated under reduced pressure, and a solid was obtained. 
That solid was washed with 10% hydrochloric acid, water, 
ethanol, and diethyl ether and was dried under reduced pres- 
sure. 4.9 g of ethylenebis(indenyl)airconium dichloride was 
obtained. 

(b) Preparation of ethylenebis(4.5 ,6,7-tetrahydro-l-indenyl)- 
sirconiura dichloride 

After 4.5 g of the ethylene bis(indenyl ) zirconium dichloride 
which had been synthesized as described above, 300 mg of platinum 
(IV) oxide, and 100 mL of dichloromethane had been transferred 
into all stainless autoclave,- hydrogen was introduced and 
brought to 100 kg/cm 2 gage. The hydrogenation reaction was 
conducted at 20 °C for 1 h. After this reaction mixture had 
been transferred into 1 L of dichlorome thane, the platinura(IV) 
oxide was filtered off, and a solid vas obtained by means of 
removing the dichloromethane. After this^solid had been 
washed with petroleum ether, by means of recrystallizing it 
from hot toluene, 2.9 g of ethylenebis(4,5,6,7-tetrahydro-l- 
indenyl)zirconium dichloride wae obtained. 

(c) Preparation of rnethylaluminoxane 

After 70 g of MgCl^bHgO and 625 ml of toluene had been 
incorporated into a 2 I glass flask in which argon had been 
thoroughly substituted :and they had been cooled to 0 °c, 1.25 
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moles of trimcthylaluminurn diluted with 625 mL of toluene v/aa 
added dropwise. After the dropwise addition had been termin- 
ated, the temperature was raised to 60 °C, and the reaction 
was conducted at that temperature for 96 hJ After the reac- 
tion, solid-liquid separation was accomplished by means of 
filtration, and the separated liquid was used in the poly- 
merization as an aluminoxane solution. On removing toluene 
from one portion of the separated liquid it was taken as a 
sample for U3e in molecular weight determination. The mole- 
cular weight found from the depression of the freezing point 
in benzene was 1570. The in value for the said alusiinoxane 
was 25. 

(d ) Polymerization 

20 1 of purified toluene, 10 kg (238 moles) of propylene, 
and 2.9 kg (104 mole 6 ) of ethylene were transferred at -15 ■ °G 
into a stainless autoclave of 100 1 internal capacity in which 
nitrogen had been thoroughly substituted; in succession, neth- 
ylalurainoxane corresponding to 0,4 gram atoms on conversion 
to aluminum atoms and ethylenebiBU,5,6 »7-tetrahydro-l-indenyl )- 
zirconium dichloride corresponding to 0.4 milligram atoms on 
conversion to zirconium atoms were incorporated; the polymer- 
ization was conducted at -15 °C for 5 h. The polymerization 
was terminated by means of adding a small quantity of methanol, 
and the unreactcd propylene and ethylene were purged. Further- 
more, after catalyst residues had been removed by means of 
hot water to which a small quantity of hydrochloric acid and 
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methanol had been added, the polymer was preoipitated by 
dumping the liquid polymerization mixture into a large quan- 
tity of methanol. After the precipitated polymer had been 
washed with more methanol, it was dried at 100 °C under re- 
duced pressure for one day and night. 1230 g of the copoly- 
mer made in this way was obtained. The ethylene content in 
the copolymer measured by means of B C-MMR was 41.8 mole%; the 
limiting viscosity QtQ found in decalin at 135 °C was 2.80 
dVg; fi w /H n found from GPC was 2.42; the DSC melting point 
was 64 °C; the degree of crystallization measured by an x-ray 

diffraction method was 0.3%; and the B value found from 

13 ' 

C-BMR was 1 .26. Additionally, the fraction soluble in bail- 
ing methyl acetate was 0.04 wt#; the fraction soluble in ace- 
tone-n-decane mixed solvent was C?2 \it%; the stress at the 
breaking point was 10 kg/cm ; the elongation at the breaking 
point was 11009b; the JIS A hardness wae 4.5; the haze was 3%; 
and the microisotac ti city found by the "^C-KMR was 0,95, In 
the 15 C-NMK spectrum for the obtained copolymer, u£ and fief 
signals attributable to methylene chains between two neighbor- 
ing tertiary carbon atoms were not observed. 
Practicable Examples 2-8, Comparison Examples 2,3 

The polyoerizatione were conducted in the same way as in 
Practicable Example 1 except that the kinds and proportions 
of the monomers which were supplied for polymerization in 
Practicable Example 1 and the polymerization temperatures 
and polymerization times were changed. In the *'c-KKR spectra 
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of the obtained copolymers, *p and /a* signals attributable 
to methylene chains between two adjacent tertiary carbon atoms 
were not observed. The polymerization results are shown 
ica Table 1. 

Practicable Example 9 

The polymerization was conducted in the same way as in 
Practicable Example 1 except that 0.45 milligram atoms con- 
verted to zirconium atoms was used for the ethylenebis(in- 
denyl)zirconium dichloride which had been synthesized in 
the same way as in Practicable Example 1 and the polymeriza- 
tion time was taken as 10 h. In the 15 C-NMR spectrum for the 
obtained copolymer, *p and signals attributable to methyl- 
ene chains tetween two neighboring tertiary carbon atoms were 
not observed. 

The polymerization results are shown in Table 1. 
Practicable Example 10 

The polymerization was conducted- -in the same way as for 
Practicable Example 5 except that 0.45 milligram atoms con- 
verted to zirconium atoms was used for the ethylenebis (indenyi )- 
zirconium dichloride and that the polymerization time wa3 
taken as 50 h. In the 15 C-NKR spectrum for the obtained co- 
polymer, dfi and /SYsignalB attributable to methylene chains 
between two adjacent tertiary carbon atoms were not observed. 
Comparison Example 1 
Preparation of the titanium cataljst 

20 g of commercial anhydrous magnesium chloride, 4.5 ml 
of ethyl benzoate, and 3-0 mL of methyl polysi] oxano were in- 
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corporated under a nitrogen atmosphere in a stainless pot of 
800 ml Internal capacity in which 2.8 kg of Btainless balls 
were accomodated (?), and they were contact-pulverized for 
for 12 h at an impact acceleration of 70. Then, 10 g of the 
obtained true solid product was suspended in 100 mL of titan- 
ium tetrachloride, and they were caused to react at 80 °c for 
2 h. After the termination of the reaction, filtration was 
carried out, and the obtained solid portion wa6 washed thor- 
oughly with hexane. In this way a titanium catalyst contain- 
ing 2.0 wt# titanium and 6.5 wtjd ethyl benzoate<was obtained. 
Polymerization 

30 1 ox purified decane was charged into a stainless auto- 
clave of 100 L internal capacity in which nitrogen had been 
thoroughly substituted; after a propylene-ethylene gas mixture 
(propylene/ethylene molar ratio, 75/25) at a flow rate of 
19 kg/h and hydrogen at a flow rate of 80 L/h had been allowed 
to flow through and the temperature had been raised to 60 °C, 
25 milligram atoiriB converted to aluminum atom9 of tri ethyl- 
aluminum, 8.5 milliinoles of methyl p-toluate, and 0.5 milli- 
gram atoms converted to tite.nium atoms of the previously de- 
scribed titanium catalyst were incorporated; the polymerization 
was initiated; and the* polymerization was conducted for 15 rain. 
After that, the operations were carried out in the same way 
aa in Practicable Example 1. In this way 1450 g of copolymer 
was obtained. The results are shown in Table 1. 
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Comparison Example 4 

5 kg (89 moles) of 1-butene, 40 g (1.4 moles) of ethylene, 
and 2.3 g (1.2 moles) of hydrogen were Incorporated at room 
temperature into a stainless autoclave of 20 L internal capa- 
city; in succession, diethylaluminum chloride 'corresponding 
to 20 milligram atorao converted to aluminum atoms and titanium 
trichloride corresponding to 10 milligram atoms converted to 
titanium atoms (Toho Titanium brand TAC-131) were incorporated; 
and the polymerization was initiated. The polymerization was 
conducted for 1 h at 70 °C. After that, the operations were • 
carried out in the same way as in Practicable Example 1. In 
this way 750 g of copolymer was obtained. The results are 
shown in Table 1. 
Key for Table 1 

1) Practicable Examples 

2) Comparison Examples 

3) oC-Olefin (variety) 

4 ) Propylene 

5 ) 1-Butene 

6) Supplied monomer, o(-olefin*/ethylene (molar ratio) 

7) Polymerization temperature (°C) 

8) Polymerization time (hr) 

9) Copolymer yield (g) 

10) Ethylene content (mole^) 

11) Limiting viscosity f_7p (dL/g) 
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Melting point (°C) 
Degree of crystallization (%) 
B value 

fraction soluble in boiling methyl acetate (wt#) 
fraction soluble in acetone-n-decane (wt#) 
Stress at the breaking point (kg/cm 2 ) 
Elongation at the breaking point {%) 
Shear stress at the yield point (kg/cm 2 ) 
Torsional rigidity modulus (kg/cm 2 ) 
Young' b modulus (kg/cm ) 
Hardness JIS A 
Haze (%) 

Kicroisotacticity 
Standard deviation (raoleJO 
* -Olefin copolyroerization, 10 kg 
(but with the exception of Comparison Examples 1, 4) 

(Some characters in this machine-copied Japanese Kokai patent 
were virtually illegible, so educated guesses were required 
for translation of a few of them, ) 
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- c^u^>^ w amount of charged c -olefin 10 kg 

"Tow (with exceptions of Comparative 

<**utc??i , 4tia<) Examples 1 and 4) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
0BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^/d^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



